INTRODUCTION {#sec1-1}
============

Oral cancer comprises 80--90% of head and neck cancer, with the most common tumor variant (80--90%) being oral squamous cell carcinoma (OSCC).\[[@ref1][@ref2]\] Worldwide, the 5-year survival rate of head and neck cancer has remained below 50% over the last two decades in spite of advances in treatment modalities.\[[@ref2][@ref3]\] The problems of distant metastasis, local recurrences, and difficulties in reconstruction, related to the late presentation of cases, comprise the main obstacles in treating OSCC. Therefore, early detection is a powerful approach in improving the treatment outcome and, accordingly, the survival rate.\[[@ref4]--[@ref7]\]

Conventionally, OSCC is diagnosed by histopathologic examination of biopsies from oral lesions that look suspicious upon direct visual examination. Although the histopathologic evaluation might differ from one interpreter to another, the method is very reliable if a representative sample is taken. In addition, the procedure is time and labor consuming for the health personnel and unpleasant for the patient, making it not suitable for community-based screening programs.\[[@ref5]\] However, screening programs depending on visual examination solely are not always efficient since they depend on the anatomical site of the lesion (some more accessible than others), the examiner\'s expertise, and the pathological progression of the lesion.\[[@ref8][@ref9]\] Toluidine blue vital tissue staining has been suggested to enhance the outcome of visual examination or for selection of the best site of biopsy. Even though high sensitivity and specificity were reported by some authors, the experience of the observer seemed to have more influence than the dye itself.\[[@ref5][@ref10]\] Exfoliative cytology has been proposed as a possible substitute for the gold standard for diagnosis of OSCC. For reliable findings, full-thickness sampling is necessary as the cells lose their morphology upon maturation and keratinization. Although generally accepted by the patients, collection of full-thickness mucosal scraping induces pin point bleeding, and it is also prone to sampling errors. The average sensitivity of morphological analysis of scraped cells has been estimated as 87.4%, with lower detection rates in early stage disease. DNA image cytometry has improved the sensitivity of the method, but not to the extent that makes it a reliable diagnostic measure.\[[@ref5][@ref11][@ref12]\] There is a need for more practical and simple methods for detection of OSCC to be used for definitive diagnosis, as well as for screening programs. In order to curb the growing incidence and mortality of this disease, such tests should also be convenient both for the patient and the health personnel.

OSCC is a multistep disease, and many genetic and epigenetic changes have been correlated to malignant transformation of potentially malignant oral lesions.\[[@ref5]\] Several studies have examined possible genetic alterations related to OSCC that can be used as markers for early diagnosis.\[[@ref13][@ref14]\] Many of these alterations have been detected in exfoliated oral epithelial cells,\[[@ref11]\] saliva,\[[@ref15][@ref16]\] or serum\[[@ref17]--[@ref19]\] of patients with OSCC. However, identification of a single marker or set of markers that could substitute conventional histopathology is yet to be confirmed.

SALIVA AS A DIAGNOSTIC BIOFLUID {#sec1-2}
===============================

The use of saliva as diagnostic biofluid has many advantages over other specimens like blood, exfoliated cells, and urine. It comprises a non-invasive, easy, and rapid to collect, and yet, a cost-effective specimen.\[[@ref20]\] Analytes are present in low concentrations in saliva, and they are transferred from blood through the capillary walls, interstitial space, and the acini or duct cells into the lumen of the salivary gland duct.\[[@ref21]\] Several protocols for collection of saliva have been proposed.\[[@ref22]\] Although secretion of saliva could be stimulated by many ways, collection of unstimulated whole saliva between 9 and 11 a.m. has been considered the most informative way of performance. Whole saliva (oral biofluid) is a mixture of major and minor salivary gland secretions, gingival cervicular (sulcular) fluid, bronchial and nasal secretions, serum and blood derivatives from oral wounds, microorganisms, leukocytes, desquamated epithelial cells, and food debris.\[[@ref21]\]

The use of saliva for diagnosis of disease has been sought centuries ago. However, the introduction of molecular laboratory techniques in 1980s has drawn more attention to saliva as a tool for detection of disease and for health monitoring in general.\[[@ref23]\] Oral fluid analysis has been proved useful for detection of Sjögren\'s syndrome,\[[@ref24][@ref25]\] diabetes mellitus,\[[@ref26]\] infection with *Helicobacter pylori*,\[[@ref27]\] Cushing syndrome,\[[@ref28]\] HIV,\[[@ref29]--[@ref31]\] and hepatitis C virus.\[[@ref32][@ref33]\] It is now being routinely used for the detection of abused as well as therapeutic drugs.\[[@ref20]\] Saliva has also been suggested for breast cancer screening programs by detecting Her2\\neu.\[[@ref34]--[@ref36]\] Withal, diseases of the oral cavity have been the most attractive ones for saliva diagnostics researchers, and the use of saliva for detection of dental caries\[[@ref37]\] and periodontal diseases\[[@ref38][@ref39]\] has been suggested. Salivary diagnostics for OSCC, if becoming a routine, would also comprise a suitable tool for population screening, monitoring of patients at risk of recurrent tumor, and consequently for improving the survival rate of patients with this disease.\[[@ref23][@ref40]\]

SALIVA FOR OSCC DETECTION {#sec1-3}
=========================

Although many investigators have dealt with saliva of OSCC patients and have tried to find out the differences when compared to normal controls, the research in this field is still in its infancy and needs large-scale studies optimizing for many confounding factors introduced by the complexity of the oral environment.\[[@ref16]\]

Both the genomic and proteomic approaches have been used to investigate salivary biomarkers for OSCC detection.\[[@ref16]\] Antibodies against mutated P53,\[[@ref41]\] mutations of *TP53*,\[[@ref41]\] levels of hyaluronic acid,\[[@ref42]\] SCC antigen,\[[@ref43]\] Cyfra 21-1,\[[@ref44]\] CD44,\[[@ref45]\] and myosin and actin\[[@ref46]\] have been suggested as possible markers for early diagnosis of OSCC. In addition, many other potential salivary markers have been reported.\[[@ref15][@ref16][@ref40][@ref47]\] However, the results of all these studies were lacking either proper samples size or the biological significance of the marker in carcinogenesis.

SALIVARY CYTOKINES AND OSCC {#sec1-4}
===========================

It has been proven that certain cytokines are produced by OSCC cells. Among these are interleukines (IL)-1, -6, -8, and tumor necrosis factor (TNF)-α.\[[@ref48]--[@ref50]\] Furthermore, expression profiling of OSCC using microarray indicated that IL-6 and -8 are significantly overexpressed by these tumors.\[[@ref51]\] A role of cytokines in angiogenesis and tumor progression has been suggested.\[[@ref52]\] Moreover, higher levels of some of the above-mentioned cytokines have been detected in the serum of OSCC patients when compared to the serum of healthy controls.\[[@ref19][@ref53]\] The serum levels of cytokines have been attributed to their production by the tumor cells as well as to the systemic response of the immune system to the tumor. Nonetheless, causes not related to the tumor could have contributed to that.

When the validity of IL-8 and -6 as biomarkers for OSCC diagnosis has been investigated, analysis of their levels in saliva of a group of 32 patients and 32 healthy controls, and in serum of 19 patients and 32 healthy controls, revealed high sensitivity and specificity of using salivary IL-8 and serum IL-6 levels simultaneously for predicting OSCC.\[[@ref54]\] This investigation has been conducted by the "University of California, Los Angeles (UCLA) Collaborative Oral Fluid Diagnostic Research Centre," a pioneer center that has been pursuing salivary diagnostics for OSCC for many years now.\[[@ref40]\] Elevated levels of IL-6 and -8 have also been detected by others in saliva of patients with periodontitis and have been associated more with this inflammatory disease.\[[@ref38][@ref39][@ref55][@ref56]\] However, the above-mentioned study from UCLA\[[@ref54]\] has indicated that significantly high salivary levels of only IL-8 and not IL-6 in OSCC patients suggested that the potential effect of periodontal inflammation on the levels of salivary IL-8 is disguised by the effect of OSCC. On the other hand, a drop to baseline in IL-6 levels has been reported by others in a group of OSCC patients after treatment, making it a possible marker for prognosis assessment.\[[@ref57]\] Although an accumulating number of studies using different methods have indicated salivary IL-8 and -6 as diagnostic biomarkers for OSCC \[[Table 1](#T1){ref-type="table"}\], further validation on a larger scale of samples is still necessary.\[[@ref54]\]

###### 

Studies suggesting salivary cytokine level for diagnosis of OSCC

![](JOMFP-16-256-g001)

Enzyme-linked immunosorbent assay (ELISA) has been used to investigate the differences in salivary levels of TNF-α, IL-1α, IL-6, and IL-8 between a group of nine patients with OSCC and matching healthy controls.\[[@ref58]\] The strength of this study relies on the matched samples for gingival status using the modified gingival index. It reported that IL-6 difference between the two study groups was statistically significant and that the rest of the investigated cytokines were higher in the case group despite the statistical non-significance of these findings. However, this study has also a major limitation due to the fact that most of the patients were edentulous, in addition to the small sample size.\[[@ref58]\] Another research group has studied the difference in the salivary level of TNF-α, IL-1α, IL-6, and IL-8, using ELISA, to differentiate between malignant (*n* = 13) and premalignant (*n* = 13) lesions, in comparison to healthy subjects (*n* = 13).\[[@ref59]\] Their results revealed significant difference in levels of the four investigated cytokines between the three groups. They even suggested that it is possible to monitor the malignant transformation of premalignant oral lesions by using salivary levels of these cytokines.\[[@ref65]\] ELISA has also been used to compare the levels of IL-1β, IL-6, IL-8, and osteopontin in cell-free saliva collected from 19 OSCC patients and 20 controls. The results showed significant difference of IL-6 between the two groups.\[[@ref61]\] The use of cell-free saliva in this study has the advantage of excluding bacteria, leukocytes, and epithelial cells, which could bias the results. Furthermore, salivary IL-6 has also been suggested as a predictor of survival and prognosis of patients with OSCC.\[[@ref18][@ref66]\]

The UCLA Collaborative Oral Fluid Diagnostic Research Centre has sought to prove multiplexed immunobead-based assay as an efficient method in the analysis of cell-free saliva proteomics compared to conventional ELISA and immunoblotting.\[[@ref62]\] This method has been able to detect higher levels of IL-8 and IL-1β in OSCC patients (*n* = 20) when compared to healthy controls (*n* = 20). In this investigation, IL-8 was also found to be higher in patients with periodontitis (*n* = 10) than in healthy controls, but much lower than the levels detected in patients with OSCC, which was in accordance with what have been reported before.\[[@ref54]\] The authors have clearly acknowledged the limitation of the small sample size used in their investigation, and that further studies recruiting immunological disease control group are needed for confirmation of salivary IL-8 and IL-1b as diagnostic markers of OSCC.\[[@ref62]\]

CYTOKINE mRNA IN CELL-FREE SALIVA {#sec1-5}
=================================

Transcriptome analysis on cell-free phase of saliva has been sought by UCLA Collaborative Oral Fluid Diagnostic Research Centre. First, they characterized the presence of mRNA in cell-free saliva and they identified a set of 185 mRNAs that are always detectable in saliva supernatant obtained from healthy subjects. They referred to them as Normal Salivary Core Transcripts (NSCT). A database of these transcripts has been established,\[[@ref67]\] and the human origin of these transcripts has been determined by cDNA library analysis.\[[@ref68]\] This research group has later investigated the best method of preserving salivary RNA in the ambient temperature, which has always been one of the main challenges for RNA-based studies.\[[@ref69][@ref70]\] In 2004, the group had published that analysis of saliva supernatant for mRNA of IL-8, IL-1β,dual specificity protein phosphatase 1 (DUSP1), H3 histone, family 3A (H3F3A or HA3), S100 calcium binding protein P (S100P), Ornithine Decarboxylase Antizyme-1 (OAZ-1), and spermidine/spermine N1-acetyltransferase 1 (SAT) as combination, had a sensitivity and specificity of 91%, respectively, in diagnosing OSCC.\[[@ref60][@ref71]\] This study also indicated remarkable increase of IL-8 mRNA in saliva of OSCC, and that salivary IL-8 mRNA alone can detect OSCC with a sensitivity and specificity of 81%, respectively. Nevertheless, that study has certain limitations regarding the number of patients recruited and the use of exploratory group in part of the experiment. Although the study has recruited participants of early stage disease with comparable smoking history, who have no history of autoimmune diseases, hepatitis, or HIV infection, it did not consider the periodontal status among other confounding factors that might alter the concentration of IL-8 mRNA in the oral cavity, depending on the previous conclusion about the effect of OSCC and periodontitis on IL-8 level.\[[@ref54][@ref62]\] The study addressed also the pertinent question of the origin of salivary RNA. The source of RNA in saliva could be the gingival cervicular fluid, the major salivary glands, or the desquamated epithelial cells from the oral mucosa. This study has also indicated that the mRNA\'s origin could be either the tumor itself or the systemic response to it.\[[@ref60][@ref71]\] However, expression profiling of serum of a comparable number of patients and controls has revealed that the best prediction mRNA combination was Homo sapiens thymosin beta 10 (THSMB) and ferritin heavy polypeptide 1 (FTH1), with a sensitivity and specificity of 91% and 71%, respectively.\[[@ref72]\] Later on, in 2010, the same investigators\[[@ref60]\] reported the validation of the same salivary biomarkers in a group of Serbian patients and controls (35 patients and 51 controls) to exclude populations differences.\[[@ref73]\]

The use of saliva supernatant could be of better value in detecting biomarkers since it should exclude leukocytes and microbes.\[[@ref40][@ref71]\] Kumar *et al*. in 2006 had challenged the presence of mRNA in saliva, claiming that mRNA cannot be purified from saliva even when cellular pallet is included.\[[@ref74]\] In that study, no reverse transcription polymerase chain reaction (RT-PCR) product for housekeeping genes like GAPDH could be obtained even from the cellular phase of saliva, and only weak signal was detected in the microarray, a signal that the authors have attributed to contamination with pseudogene of genomic origin. The results of that study were, however, questioned by other researchers,\[[@ref75][@ref76]\] mainly due to the method of RNA extraction,\[[@ref67]\] the choice of RNALater^®^ being evaluated by others as not appropriate for preservation of RNA in saliva,\[[@ref69][@ref70]\] and the lack of positive controls in the RNA extraction procedures. This makes questionable the conclusion of that study that extraction of RNA from the cellular phase of saliva is impossible and is prone to errors.\[[@ref71]\] Salivary mRNA has been used in forensic determination of body fluids from crime scenes even weeks after the sample has been deposited.\[[@ref77]--[@ref80]\] It has also been suggested for determination of sleep driving as a potential cause of traffic accidents by detecting mucin expression level.\[[@ref81]\] The relative stability of mRNA in saliva has been attributed to its association to other macromolecules in the oral biofluid.\[[@ref82][@ref83]\] Nevertheless, despite the reported high sensitivity and specificity and its relative stability in the oral environment, the study of Kumar *et al*. points to the delicate nature of mRNA and the difficulties in dealing with it that might hinder its use for screening of populations at high risk unless a rapid chairside test is developed.

In 2009, the UCLA group introduced an electrochemical sensor for multiplex biomarkers detection. Also, it has scored a sensitivity and specificity of 90%, respectively, in detecting OSCC, by using IL-8 mRNA and protein simultaneously.\[[@ref63]\] This investigation has recruited 28 cases and matching controls that have not been matched according to the periodontal status. The study reported that the results of the electrochemical sensor were very close to the ones obtained by PCR and ELISA. High levels of IL-8 have also been detected in the saliva of OSCC using an optical protein sensor,\[[@ref64]\] and the results were comparable to the ones obtained by ELISA, with higher ability of this sensor to detect lower concentration of the biomarkers than possible with conventional ELISA.

FUTURE DIRECTIONS AND CONCLUSION {#sec1-6}
================================

There are still some miles to go for the salivary diagnostics of OSCC to be one of the routine practices in health provision. The current investigations indicate IL-8 and IL-6 as the most likely candidates for this purpose.\[[@ref54][@ref58]--[@ref60][@ref62][@ref63][@ref65]\] However, the expression of these cytokines can be biased by many other factors that should be considered in a large-scale population study before introducing them as reliable discriminatory OSCC markers.\[[@ref55]\]

The comparison of the levels of these putative markers in OSCC patients with patients with potentially malignant oral lesions should also be considered as the next step to go in a large-scale population-based study within an international, multicenter collaborative investigation.
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